Introduction
The theme for World Health Day 2011 was selected as "Antimicrobial resistance: No action today no cure tomorrow" with the view to focus the exponential threat of untreatable and fatal infections due to multidrug resistance among gram (-) and gram (+) bacteria. Eight new drugs (daptomycin, telithromycin, tigecycline, doripenem, retapamulin, telavancin, ceftaroline, and fidaxomicin) have been FDA-approved to date. Retapamulin, tigecycline, and telithromycin were the first approved members of the new antibiotic classes pleuromutilin, glycylcycline, and ketolide, respectively. Most of the compounds that entered the market up to 2009 were modified derivatives of already existing antimicrobials. From then, no new antibiotic class has been suggested. 1 Owing to the literature concerning a notable number of acylhydrazone derivatives with wide spectra of activity against gram-positive and gram-negative bacteria, and Mycobacteria, acylhydrazones may be considered a new antibiotic class. 2−12 In particular, the work on species-specific targeted drugs with improved activity against resistant pathogens looks promising ( Figure 1 ). Nordfelth et al. reported type III secretion (TTS) inhibitory activity of some acylated hydrazones of salicyclic aldehydes in respect of data revealing TTS as common virulence system of some gram (-) bacteria: Yersinia spp., Salmonella spp., Shigella spp., Pseudomonas aeruginosa, enteropathogenic Escherichia coli, enterohemorrhagic E. coli, and Chlamydia spp. 13 Following the discovery of the lead compound YKAs3003 as an inhibitor of E. coli β -ketoacyl-acyl carrier protein synthase III (ecKAS III) potential β -ketoacyl-acyl carrier protein synthase III inhibitory activity of vanillic acylhydrazone derivatives was shown against E. coli. 14 
YKAs3003
Lit. [14] Lit. [16] Lit. [13] Lit. [15] Thiopeptide antibiotics, a class of sulfur-rich, highly modified cyclic peptides derived from serine, threonine, or cysteine side chains, inspired us to focus on synthesis of new hybrid compounds employing L -methionine and sulfonamide fragments together with acylhydrazone moiety. 18 Bearing the literature data in mind, a series of acylhydrazones derived from N -(p-toluenesulfonyl) methionine were synthesized and evaluated for their antimicrobial activity in accordance with our attempt to develop dual acting compounds for the treatment of both bacterial and viral diseases and also bacterial co-infections of HIV (+) patients. 19 Promising anti-HIV activity of acylhydrazone scaffold, notably carrying an amino acid side chain, encouraged us to evaluate our compounds for their anti-HIV activity.
20−29

Results and discussion
Chemistry
Compound 1 was prepared by tosylation of methyl (2 S)-2-amino-4-(methylsulfanyl)butanoate hydrochloride
according to the literature method. 22 Compound 2 was obtained by heating compound 1 with hydrazine hydrate. 30 Through the condensation reaction of compound 2 and selected aldehyde, ketone, and isatine derivatives, 38 new acylhydrazone derivatives were synthesized. Compounds 3, 5-26, 28, 30-34, 39, and 40 were synthesized by microwave-assisted method. Since the synthesis of compounds 4, 27, 29, and 35-38 was not achieved by microwave-assisted method, they were synthesized by refluxing compound 2 with appropriate aldehyde or ketone derivative in ethanol ( Figure 2 ). The purity of compounds 2-40 was confirmed by the data gathered through HPLC and elemental analysis and their structures were elucidated by IR and 1 H NMR spectroscopy. 13 C NMR spectroscopy data were only evaluated for representative compounds (compounds 10, 23, 30, 38). Compounds 1 and 2 have been previously reported despite there being no data pertaining to the structural characterization of compound 1. 30−32 The stretching bands due to N-H and ester C=O groups of compound 1 were observed at 3275 and 1734 cm −1 , respectively. Bands at 3346, 3281, 3190, and 1668 cm −1 were determined in the IR spectrum of compound 2 and they were attributed to the N-H and hydrazide C=O groups, respectively. The 1 H NMR spectrum of compound 2 revealed broad singlet signals at 4.02 and 9.08 ppm, conforming with the -NH 2 and -NH protons of the hydrazide moiety. The IR spectral data of our novel acylhydrazones 3-40 were in accordance with the literature; C=O and C=N stretching data were observed at 1693-1658 and 1626-1587 cm −1 , respectively.
29,33−35
The 1 H NMR spectral data of compounds 3-40 revealed supporting evidence to identify their structures.
The singlet signals belonging to the azomethine proton in compounds According to the chemical shifts that we were able to experimentally observe with respect to azomethine and hydrazide-NH protons of our compounds we may propose that most of our compounds exist in the E -form. In order to interpret cis/trans equilibria of NH-protons of the acylhydrazone moiety the two sets of signals in the range of 9.09-11.73 ppm were examined thoroughly and the upfield signal of the mentioned proton between 9.09 and 11.58 ppm was assigned to the cis-conformer, while the downfield signal between 9.22 and 11.73 ppm was assigned to the trans-conformer.
In the 1 H NMR spectra of compounds 35-38, which were derived from selected ketones, characteristic signals for CH 3 moiety were detected in the range of 2.09-2.28 ppm. The -CH 3 proton of compound 37 was detected at 2.11 and 2.20 ppm as two singlet signals.
The 13 C NMR spectra of compounds 10, 23, 30, and 38 were also recorded for further support. Detecting azomethine carbon, acylhydrazone C=O, and some of the aromatic C-atoms and C-atoms of methionine moiety as two, three, or four peaks instead of one, thus provided confirmatory evidence for the presence of isomers.
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Low-resolution ESI or APCI mass spectra of our compounds were recorded in either positive or negative ionization mode. The LC-MS/MS (ESI or APCI) analysis of the synthesized compounds gave correct molecular ion peaks corresponding to (M+H) + in positive ionization and (M-H) − in negative ionization mode in each case.
Antimicrobial activity evaluation
The synthesized compounds were evaluated for their antimicrobial activity by using agar well diffusion and broth microdilution methods. The results obtained by both methods are given in Table 1 . The compounds (3-6, 11, 12, 14, 15, 17-21, 24-27, 29, 31, 33-37, 39) with MIC values greater than 250 µg/mL against most of the studied microorganisms were not included in Table 1 . The zone of inhibition in millimeters was measured for compounds 2-40 and the results were recorded. Diameters of 10-20 mm, 8-16 mm, and 12-25 mm were regarded as sensitive for compounds 10, 30, and 23, respectively. The preliminary results by agar well diffusion were verified by the data gathered through microdilution and the linear relationship between these two methods was noted.
Compounds 10 and 23 were found to be active against gram (-) bacteria, and E. coli and Y. pseudotuberculosis, of which E. coli is a nonencapsulated bacterium while Y. pseudotuberculosis is an encapsulated one. Some of our compounds demonstrated moderate growth inhibition of P. aeruginosa, and compound 10, comprising a 4-cyanophenyl moiety, was reported as the most active against pseudomonas with an MIC value of 128.7 µ g/mL.
All tested compounds were confirmed as possessing stronger activity against gram (+) in comparison with gram (-) bacteria; especially compounds 2, 13, 16, 37, 39, and 40 exhibited modest growth inhibition of streptococcus (E. faecalis) and nonsporeforming bacillus (L. monocytogenes). Compounds 30 and 23 were regarded as the most active compounds against both of these microorganisms, with MIC values of 8 and 15.9 µ g/mL. It might be predicted that an increase in molecular hydrophobicity (compounds 39 and 40 possessing indanone and isatine moieties, respectively) and the presence of a pyridine ring (compounds 16 and 37) increased gram (+) activity.
With the exception of compounds 23 and 30, the tested compounds were not effective in preventing the growth of gram (+) coccus, S. aureus, and the clinically isolated coagulase-positive, methicillin-resistant strain .Compound 23 was found to have promising activity against the gram (+) bacteria MRSA and Bacillus cereus with an MIC value of 3.9 µ g/mL. The MIC value for compound 30 against Enterococcus faecalis, Listeria monocytogenes, and B. cereus was 8 µ g/mL. The reported antibacterial activity of compounds 23 and 30 can be attributed to furan and thiophene rings both bearing nitro groups. Compounds 23 and 30, together with compound 38 carrying an adamantyl moiety, were revealed as effective derivatives against B. cereus, which is a spore-forming bacillus.
Eight compounds among all tested compounds were found to possess light activity against M. smegmatis, i.e. compounds 23, 30, 31, and 38 (MIC values between 63.8 and 252.5 µ g/mL).
The synthesized compounds were also evaluated for their activity against the opportunistic fungal pathogen Candida albicans and the saprophyte Saccharomyces cerevisiae and their activity profile was qualified as insignificant, except for compounds 7-9 with modest anti-Candida activity (MIC values of compound 7-9
were measured as 65.6, 62.5, and 62.5 µ g/mL, respectively). The dose-dependent anti-Candida activity of compounds 7-9 may be due to the 2,6-dihalogeno and 3,5-bis(trifluoro)methyl substitutions, and particularly the presence of the fluorine atom.
It is interesting to mention that compounds 23 and 30 were found active against the gram (+) bacteria M. smegmatis, C. albicans, and S. cerevisiae at low dose levels and also compound 23 was noted as the most active compound against gram (-) microorganisms. Compound 38 was also assessed as a promising derivative with specific activity against gram (+) bacteria and M. smegmatis. 
Antiviral evaluation
The synthesized compounds were also subjected to a preliminary screening for their anti-HIV activity. None of them showed any significant activity against HIV-1(III B ) or HIV-2(ROD) in MT-4 cells at subtoxic concentrations.
2.4.
Prediction of drug-likeness, ADME properties, and toxicity profiles of compounds 2-40 ADME properties of the molecules were examined by determination of topological polar surface area (TPSA), and simple molecular descriptors used by Lipinski in formulating his rule of five. 40 Calculations were performed using the Molinspiration online property calculation toolkit. 41 TPSA is calculated as a sum of O -and Ncentered polar fragment contributions and is closely related to the hydrogen bonding potential of a compound. TPSA has been shown to be a very good descriptor for characterizing drug absorption, including intestinal absorption, bioavailability, Caco-2 permeability, and blood-brain barrier penetration. It is known that molecules
with TPSA values of around 160 or more are expected to exhibit poor intestinal absorption. 42−49 TPSA prediction results of compounds 2-40 within this limit are tabulated in Table 2 . It should also be noted that all of our compounds except 9, 21, 25, and 26 have zero violations of the rule of five (see Table 2 ). Two or more violations of the rule of five suggest the probability of problems in bioavailability of the drug. Lipophilicity is also an important property for the prediction of per oral bioavailability of drug molecules. 42−49 Therefore, clog P values for compounds 2-40 were also calculated by Osiris methodology and compared with the value obtained for the standard drug streptomycin (Streptom). 50 For the majority of the compounds, with some exceptions (compounds 20 and 27), the calculated clog P values were 1.0-4.8, and it should be noted that the clogP value of a molecule should not be greater than 5.0, which is the upper limit for the drugs to be able to penetrate through biomembranes according to Lipinski's rule. Therefore, compounds 2-40 are shown to possess clog P values in the acceptable range (see Table 3 ). It has already been noted that the aqueous solubility of a compound significantly affects its absorption and distribution and low solubility goes along with insufficient absorption. The estimated solubility (S) value is a unit stripped logarithm (base 10) of a compound's solubility in mol/L and more than 80% of current pipeline drugs have the (estimated) log S value greater than -4. In the case of compounds 2-40, values of S are <-3 (except 2) (see Table 3 ).
42−49
Other than these mentioned parameters, electronic distribution, hydrogen bonding characteristics, molecule size and flexibility, and presence of various pharmacophores also influence the behavior of a molecule in a living organism by means of bioavailability, transport properties, affinity to proteins, reactivity, toxicity, and metabolic stability.
42−49 Toxicity risks (mutagenicity, tumorigenicity, irritation, reproduction) and drug-likeness and drug-score of compounds 2-40 were calculated by the methodology developed by Osiris. 50 The remarkably well behaved mutagenicity of diverse synthetic molecules is classified in the database of the company Celerion Switzerland, which can be used to quantify the role played by various organic groups in promoting or interfering with the way a drug can associate with DNA. The toxicity risk predictor locates fragments within a molecule, which indicates a potential toxicity risk. Toxicity risk alerts are the indications that the drawn structure may be harmful due to the specified risk category. From the data evaluated in Table 3 , it is obvious that the majority of structures (31 out of 40) are supposed to be nonmutagenic and nonirritating with no reproductive effects when run through the mutagenicity assessment system in comparison with the standard drug. Table 3 also shows the drug-likeness of compounds 2-40. The majority of the reported compounds 2-40 have low drug scores as compared to the standard drug.
Conclusion
Thirty-eight new acylhydrazone derivatives were synthesized and evaluated for their anti-HIV and antimicrobial activity. By serendipity, our compounds predominantly demonstrated antibacterial activity but none of them (compounds 2-40) were found to be active against HIV-1 (III B ) or HIV-2 (ROD) strains at subtoxic concentrations. According to the results gathered from antimicrobial activity evaluation assays, (23) was active against MRSA with an MIC value of 3.9 µ g/mL. Therefore, it could be said that a new acylhydrazone derivative that is highly effective in preventing MRSA growth at a low concentration has been discovered and this compound will be subjected to further development in our future projects. Among all tested acylhydrazones, compounds 23 and 30 were the most active derivatives against most of the gram (+) and gram (-) bacterial strains tested.
Experimental
All solvents and reagents were obtained from commercial sources and used without purification. All melting points (
• C, uncorrected) were determined using a Kleinfeld SMP-II basic model melting point apparatus.
Elemental analyses were conducted using a Leco CHNS-932 instrument and are consistent with the assigned structures. ESI or APCI positive and negative ionization (low resolution) mass spectra of the synthesized compounds were obtained using an AB SCIEX API 2000 LC-MS/MS instrument. Infrared spectra were recorded on a Shimadzu FTIR 8400S and data are expressed in wavenumbers (υ , cm −1 ) . NMR spectra were recorded on a Bruker AVANCE-DPX 400 at 400 MHz for 1 H NMR and 13 C NMR and the chemical shifts were expressed in δ (ppm) downfield from tetramethylsilane (TMS) using DMSO-d 6 as solvent. The liquid chromatographic system consists of an Agilent Technologies 1100 series instrument equipped with a quaternary solvent delivery system and a model Agilent series G1315 A photodiode array detector. A Rheodyne syringe loading sample injector with a 50-µ L sample loop was used for the injection of the analytes. Chromatographic data were collected and processed using Agilent Chemstation Plus software. The separation was performed at ambient temperature by using a reversed phase HiChrom Kromasil 100-5C18 (4.6 mm × 250 mm, 5 µ m particle size) column. All experiments were performed in gradient mode. The mobile phase was prepared by 
(2S)-4-(Methylsulfanyl)-2-[[(4-methylphenyl)sulfonyl]amino]butanoic acid hydrazide (2)
Compound 1 (3.17 g, 0.01 mol) and hydrazine hydrate were heated under reflux for 8 h and 30 mL of methanol was added to the reaction medium; subsequently the mixture was further heated under reflux for 6 h. The crude product was filtered, washed with NaCl solution (5%), and recrystallized from methanol. Yield 65%. 
General procedure for microwave-assisted synthesis of the hydrazones (compounds 3, 5-26,
28, 30-34, 39, 40) derived from (2S)-4-(methylsulfanyl)-2-[[(4-methylphenyl)sulfonyl]amino] butanoic acid hydrazide (2)
Equimolar amounts of compound 2 and appropriate aldeyde, ketone, or isatine derivative were suspended in 5 mL of ethanol and exposed to microwave irradiation through the aid of an unmodified home microwave unit (Kenwood, 270 W, 5-10 min). Thin layer chromatography (silica gel F254 (Merck), mobile phase; chloroform:methanol:glacial acetic acid 93:5:2 v/v/v, 25
• C) was used to monitor the progress of the reaction.
The crude products were recrystallized from appropriate solvents.
General procedure for conventional synthesis of the hydrazones (compounds 4, 27, 29,
35-38) derived from (2S)-4-(methylsulfanyl)-2-[[(4-methylphenyl)-sulfonyl]amino]butanoic acid hydrazide (2)
Since the synthesis of compounds 4, 27, 29, and 35-38 was not achieved by microwave-assisted method, the conventional synthesis method consisting of refluxing equimolar amounts of hydrazide and selected aldehyde or ketone derivative in ethanol in the presence of a few drops of glacial acetic acid was performed. Thin layer chromatography (silica gel F254 (Merck), mobile phase; chloroform:methanol:glacial acetic acid 93:5:2 v/v/v,
25
• C) was used to monitor the progress of the reaction and the reaction time for isolating sufficiently pure product was 4 h. The crude products were filtered and recrystallized from the appropriate solvents.
N -[(2S )-1-[2-(2-Chlorobenzylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (3)
Yield 72%. mp 143-144 
N -[(2S )-1-[2-(2,4-Dichlorobenzylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (5)
N -[(2S)-1-[2-[4-(Prop-2-en-1-yloxy)benzylidene]hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (12)
Yield 62%. mp 150 
N -[(2S )-1-[2-(3-Methoxy-4-hydroxybenzylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (13)
Yield 42%. mp 186-187 
N -[(2S )-1-[2-(4-(1-Piperidinyl)benzylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (14)
Yield 77%. mp 186 
N -[(2S )-1-[2-(4-(4-Morpholinyl)benzylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxo-butan-
2-yl]-4-methylbenzenesulfonamide (15)
N -[(2S )-1-[2-(Pyridin-3-ylmethylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxo-butan-2-yl]-
4-methylbenzenesulfonamide (16)
N -[(2S )-1-[-2-(Cyclohexylmethylidene)hydrazinyl]-4-(methylsulfanyl)-1-oxo-butan-2-yl]-4-methylbenzenesulfonamide (17)
Yield 78%. mp 119-120 
N -[(2S )-1-[2-[(1,3-Benzodioxol-4-yl)methylidene]hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (19)
N -[(2S )-1-[2-[(2,2-Difluoro-1,3-benzodioxol-5-yl)methylidene]hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (20)
N -[(2S )-1-[2-[(Furan-2-yl)methylidene]hydrazinyl]-4-(methylsulfanyl)-1-oxo-butan-2-yl]-4-methylbenzenesulfonamide (22)
Yield 44%. mp 130-132 
N -[(2S )-1-[2-[(5-Nitrofuran-2-yl)methylidene]hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (23)
Yield 51%. mp 199-200 
N-[(2S)-1-[2-[(5-(4-Nitrophenyl)furan-2-yl)methylidene]hydrazinyl]-4-(methyl-sulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (25)
N-[(2S)-1-[2-[(5-(4-Chlorophenyl)furan-2-yl)methylidene]hydrazinyl]-4-(methyl-sulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (26)
N-[(2S)-1-[2-[(5-(2,4-dichlorophenyl)furan-2-yl)methylidene]hydrazinyl]-4-(methylsulfanyl)-
1-oxobutan-2-yl]-4-methylbenzenesulfonamide (27)
Yield 62%. mp 178 
N-[(2S)-1-[-2-[(Thiophen-2-yl)methylidene]hydrazinyl]-4-(methylsulfanyl)-1-oxobutan-2-yl]-
4-methylbenzenesulfonamide (28)
Yield 41%. mp 132 
N-[(2S)-1-[2-[(3-Methylthiophen-2-yl)methylidene]hydrazinyl]-4-(methyl-sulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (29)
Yield 59%. mp 152 
N-[(2S)-1-{2-[1-(Thiophen-3-yl)ethylidene]hydrazinyl} -4-(methylsulfanyl)-1-oxobutan-2-yl]-4-methylbenzenesulfonamide (35)
Yield 63%. mp 180-182 251. All the newly synthesized compounds were dissolved in dimethylsulphoxide (DMSO) to prepare stock solution at 10 mg/mL.
Agar well diffusion method
A simple susceptibility screening test using agar-well diffusion as adapted earlier was used. 51, 52 Each bacterium was suspended in Mueller Hinton (MH) (Difco, Detroit, MI, USA) broth. The yeast-like fungi were suspended in yeast extract broth. Then the microorganisms were diluted approximately 10 6 colony forming unit (cfu) per mL. For yeast-like fungi, Sabouraud dextrose agar (SDA) (Difco) was used. Brain heart infusion agar (BHI) (Difco) was used for M. smegmatis. They were "flood-inoculated" onto the surface of MH, BHI, and SD agars and then dried. Five-millimeter diameter wells were cut from the agar using a sterile cork-borer, and 50 µ L of the stock extract substances were delivered into the wells. The plates were incubated for 18 h at 36
• C.
M. smegmatis was grown for 3 days on BHI agar plates at 36
• C. 53 Antimicrobial activity was evaluated by measuring the zone of inhibition against the test organism. Ampicillin (10 µ g/mL), streptomycin (10 µ g/mL), and fluconazole (5 µ g/mL) were the standard drugs. DMSO with dilution of 1:10 was used as the solvent control to ensure DMSO had no effect on bacterial growth.
Broth microdilution method
All test microorganisms were obtained from the Refik Saydam Hygiene Institute (Ankara, Turkey) and were The antimicrobial effects of the substances were tested quantitatively in broth media by using double dilution and the minimal inhibition concentration (MIC) values (µ g/mL) were determined. 54 The antibacterial and antifungal assays were performed in MH broth (Difco) at pH 7.3 and buffered yeast nitrogen base (Difco) at pH 7.0, respectively. BHI (Difco) was used for M. smegmatis. 53 The MIC was defined as the lowest concentration that showed no growth. Ampicillin (10 µ g/mL), streptomycin (10 µ g/mL), and fluconazole (5 µg/mL) were used as standard antibacterial and antifungal drugs, respectively. DMSO with dilution of 1:10 was used as the solvent control to ensure DMSO had no effect on bacterial growth.
In vitro antiviral assays
Inhibition of HIV-induced cytopathicity in MT-4 cells
Evaluation of the antiviral activity of the compounds against HIV-1 strain III B and HIV-2 strain ROD in MT-4 cells was performed using the MTT assay as previously described. 55, 56 Stock solutions (10 × final concentration) of test compounds were added in 25-mL volumes to two series of triplicate wells so as to allow simultaneous evaluation of their effects on mock-and HIV-infected cells at the beginning of each experiment. Serial five-fold dilutions of test compounds were made directly in flat-bottomed 96-well microtiter trays using a Biomek 3000 robot (Beckman Instruments, Fullerton, CA, USA). Untreated control HIV and mock-infected cell samples were included for each sample. HIV-1(III B ) or HIV-2 (ROD) stock (50 mL) at 100-300 CCID 50
(cell culture infectious dose) or culture medium was added to either the infected or mock-infected wells of the microtiter tray. 57, 58 Mock-infected cells were used to evaluate the effect of test compound on uninfected cells in order to assess the cytotoxicity of the test compounds. Exponentially growing MT-4 cells were centrifuged for 5 min at 220 ×g and the supernatant was discarded. 59 The MT-4 cells were resuspended at 6 × 10 5 cells/mL, and 50-mL volumes were transferred to the microtiter tray wells. Five days after infection, the viability of mock-and HIV-infected cells was examined spectrophotometrically by the MTT assay. The MTT assay is based on the reduction of yellow colored 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Acros Organics, Geel, Belgium) by mitochondrial dehydrogenase of metabolically active cells to a blue-purple formazan that can be measured spectrophotometrically. The absorbances were read in an eightchannel computer-controlled photometer (Safire2, Tecan, Mechelen, Belgium), at two wavelengths (540 and 690 nm). All data were calculated using the median OD (optical density) value of three wells. The 50% cytotoxic concentration (CC 50 ) was defined as the concentration of the test compound that reduced the absorbance (OD 540 ) of the mock-infected control sample by 50%. The concentration achieving 50% protection from the cytopathic effect of the virus in infected cells was defined as the 50% effective concentration (EC 50 ).
